On an island in which bancroftian filariasis is endemic, 29 microfilaremic and 16 "endemic normal" (EN) subjects initially studied in 1974-1975 were reevaluated 17 years later. Eleven persons remained microfilaremic, whereas 18 had cleared both microfilaremia and antigenemia. Despite decreased infection on the island, antibody levels remained relatively constant for the subjects with persistent microfilaremia (Mf +/+ ), in contrast to sharp decreases for both EN subjects and subjects with cleared microfilaremia (Mf +/Ϫ ). Although clinically indistinguishable from the EN subjects, the Mf +/Ϫ group had antibody levels (IgG, IgG4, and IgE) significantly lower than those of the EN subjects. Lymphocyte responses to parasite antigens were marginally greater in Mf +/Ϫ than in Mf +/+ subjects, but both groups remained less cell responsive (as measured by proliferation, interleukin-5, interleukin-10, interferon-g, and granulocyte-macrophage colony-stimulating factor) than did the EN subjects. These findings suggest that, for microfilaremic persons, complete clearance of infection is not sufficient to restore "normal" immune responsiveness; filarial infection may induce very long-term deficits in the ability to respond to parasite antigens.
in an area in the South Pacific that is endemic for bancroftian filariasis 17 years after they were initially studied and 5 years after a single round of mass treatment with diethylcarbamazine (DEC) was administered to this island population. All these persons were microfilaremic in 1975 and, although ∼40% remained microfilaremic in 1992, the rest had eliminated their infection during the 17-year period. Humoral and cellular immune responses of these 2 groups of subjects ("persistent microfilaremic" [Mf ϩ/ϩ ] and "cleared microfilaremic" [Mf ϩ/Ϫ ]) were compared both with each other and with the responses of a population of "endemic normal" (EN) subjects (i.e., persons who were uninfected both in 1975 and in 1992).
Methods
Study population. The study population comprised 45 adults, all permanent residents of the Wuchereria bancrofti-endemic island of Mauke (Cook Islands). All subjects had been thoroughly evaluated 17 years earlier (1974) (1975) [7] and were classified for the present study according to strict clinical criteria, on the basis of observations from both 1975 and 1992 when most ( in n p 356 1975) or all ( in 1992) of the island population was exn p 627 amined. Those evaluations included clinical (history, physical examination, and complete blood count), parasitologic (filtration of 1 mL of blood through a Nuclepore 3-mm polycarbonate filter to identify circulating microfilariae), and serologic (see below) studies. Serum samples from all study subjects in 1975 and 1992 were examined for circulating filarial antigen (CAg) [8] . Five years before the present study, mass treatment with DEC (5 days, 6 mg/kg/day) was administered to everyone on the island у5 years old, including all persons in the present study. Likely as a result, the prevalence of microfilaremia on the island decreased from 30% in 1975 to 5% in 1992, although transmission was still ongoing [9] .
Subjects were categorized into 3 clinical groups ( n p 16 of current or past filarial infection, despite a lifetime of natural exposure [9] . All these subjects had negative clinical and parasitologic findings for filariasis both in 1975 and in 1992 and were CAg Ϫ in serum samples from both time points.
Antigens.
Parasite antigens were saline extracts of adult (BmA), Mf, and infective larval (L3) stages of the related filarial parasite Brugia malayi and were prepared as described elsewhere [10] . Antigen concentrations used in lymphocyte stimulation tests were predetermined as values to which healthy North American control subjects did not respond (5 or 1 mg/mL for BmA, 1 mg/mL for Mf, and 0.25 mg/mL for L3). Nonparasite antigens (NPAg) included tuberculin-purified protein derivative (PPD; Connaught Laboratories) used at 10 mg/mL and streptolysin O (SLO; Difco) used at a final concentration of 1:100.
Immunologic assessments. Serum IgG, IgG4, and IgE responses to parasite antigens were determined by ELISA, as described elsewhere [11, 12] , including preabsorption of serum samples with protein G sepharose (Pharmacia) for IgE analysis. To compare antibody levels in 1975 and 1992, serum samples for each patient from both time points were run together on the same plates (all serum samples had been stored in liquid nitrogen or at Ϫ70ЊC since the time of collection).
Proliferation and cytokine responses to parasite and NPAg were assessed in peripheral blood mononuclear cells (PBMC) isolated from 80 mL of heparinized blood, as described elsewhere [9] . In brief, for evaluation of proliferation, 10 5 PBMC were cultured in the presence or absence of antigens in 0.2-mL volumes for 5 days, after which [ 3 H]thymidine incorporation was compared and was expressed as stimulation indices: mean counts per minute of stimulated counts per minute of unstimulated (medium cultures/mean alone) cultures. For assessment of cytokine responses, 6 2 ϫ 10 PBMC were cultured in 1-mL volumes for 2 days (interleukin [IL]-2 and IL-4) or 5 days (IL-5, IL-10, interferon [IFN]-g, and granulocyte-macrophage colony-stimulating factor). Supernatants were determined by ELISA, and responses were quantified by using standardized curves based on recombinant cytokines [9] . For analysis, media backgrounds (cytokine production in the absence of antigen) were first subtracted.
Statistics. The Mann-Whitney U test was used for comparison of unpaired data, and the Wilcoxon signed rank test was used for comparison of paired data. We used Fisher's exact test to compare response rates between groups and the Spearman's rank test for correlation of paired data. For data analysis, the higher of the 2 responses to the 5-or 1-mg/mL concentrations of BmA was used for each subject; similarly, the greater of the 2 responses to SLO or PPD was used to assess NPAg responses.
Results

Antibody responses.
IgG, IgG4, and IgE antibody responses to filaria antigens first were assessed in serum samples collected in 1975 when all subjects from the Mf ϩ/ϩ and Mf ϩ/Ϫ groups were microfilaremic. No significant differences between these 2 groups were found for any of the isotypes measured, although both groups, compared with the EN group, had generally lower IgG levels in 1975 to all 3 parasite antigen stages (data not shown) and significantly lower IgE levels to adult and microfilaria antigens ( ). In contrast, both the Mf ϩ/ϩ P ! .02 and Mf ϩ/Ϫ subjects had significantly higher levels of IgG4 to adult antigen in 1975 than did the EN subjects ( ; data P ! .005 not shown); IgG4 to microfilaria and L3 antigens did not differ significantly by group.
Between the 2 time points (1975 and 1992), significant changes were observed in antibody isotype levels to all 3 parasite antigens (figure 1 shows representative responses to the microfilaria antigen). Even within the EN population, very significant decreases from 1975 levels were seen for every antibody isotype and for each parasite antigen stage studied ( , all comparisons), P ! .002 which most likely reflects decreased filariasis transmission (and exposure to the parasite) because of the island-wide 1-time treatment with DEC in 1987. The Mf ϩ/Ϫ subjects showed a similar decrease in all antibody isotype responses to every parasite stage; in contrast, the Mf ϩ/ϩ subjects showed no decreases at all for some responses (e.g., IgG to adult-stage antigens and both IgG4 and IgE antibodies to microfilaria antigen; figure 1 ) and generally lesser decreases in most other antibody responses to these parasite ], and with trends in the same direction for both the IgG P ! .02 response to adult antigen and IgE responses to all antigens). Of interest, except for higher IgG4 levels to adult and L3 antigens, the Mf ϩ/ϩ group did not differ significantly in 1992 from the EN subjects (data not shown).
Of the 18 Mf ϩ/Ϫ persons in 1992, 13 were clinically indistinguishable from the EN subjects (i.e., they had no overt pathology of lymphedema or hydrocele). When the 1992 antibody responses of this subset of patients were compared with those of the EN group, the results were surprising. Despite their clinical and parasitologic similarities, the clinically normal, cleared microfilaremic group had lower antibody levels than those of the "true" EN group (responses to microfilaria antigen shown in figure 2; ). P р .05 Cellular responses. The Mf ϩ/Ϫ subjects had significantly higher lymphocyte proliferation responses to adult antigen (but not to microfilaria or L3 antigens) than did the Mf ϩ/ϩ persons; however, both the Mf ϩ/ϩ and Mf ϩ/Ϫ groups had significantly lower responses to adult and microfilaria antigens than did the EN subjects ( figure 3 ). Proliferation responses to NPAg and to the L3 antigen preparation did not differ by study group.
In vitro cytokine production was not significantly different between the Mf ϩ/ϩ and Mf ϩ/Ϫ groups for any of the parasite antigens, although the Mf ϩ/Ϫ persons tended toward higher responsiveness (table 2). As with the lymphocyte proliferation responses, however, both groups produced significantly lower levels of most cytokines in response to adult and microfilaria antigens than did the EN subjects; all groups produced similar cytokine levels in response to both L3 antigens ( Relationship between changes in antibody levels and cellular proliferation. We examined the changes in antibody levels between 1975 and 1992 (assessed as a percent change for each patient between the 2 time points) in the patient population, to detect any correlation with the ability of persons to proliferate to parasite antigens in 1992. Of interest, when the entire study population was evaluated, changes in IgG, IgG4, and IgE to BmA were correlated significantly with proliferation responses to the same antigen, such that the greater the loss of antibody, the higher the proliferation response ( , all P р .01 comparisons). Of further interest, the 1992 levels of IgG4 to BmA correlated negatively with proliferation to BmA, whereas IgE to microfilaria antigen was positively correlated with proliferation to microfilaria antigen ( and , r p Ϫ0.652 r p 0.505 respectively;
). P р .001
Discussion
The principal goal of this study was to evaluate changes over time (17 years) in the parasitologic presentation and immune responsiveness to parasite and other antigens in persons living in an area endemic for bancroftian filariasis. Comparison of such changes could offer important insight into the mechanisms that underlie the altered immunologic and clinical manifestations of persons living in filariasis-endemic areas.
All 45 study subjects had undergone thorough clinical and parasitologic evaluation 17 years before the present study, so any change in these parameters could be accurately defined. In addition, serum samples were obtained from all persons and were stored in liquid nitrogen or at Ϫ70ЊC since that time. Thus, direct comparison of humoral immune responses 17 years apart could be made. Two sets of detailed comparisons were possible: first, between persons who had remained microfilaremic (presumably for 17 years) and those who had cleared their microfilaremia during that time; and, second, between an EN population whose status had remained unchanged for 17 years and a group of amicrofilaremic persons who would have met the criteria for EN subjects in a cross-sectional study (i.e., clinically healthy, Mf Ϫ , and CAg Ϫ ) but whose prior evaluation had shown them to be microfilaremic 17 years earlier. Previously, such very long-term longitudinal observations accompanied by detailed immunologic assessments have only been made in experimental animals [13] .
The study design of this assessment was complicated by the fact that, in 1987 (5 years before the current study), an effort to treat the entire population with DEC for 5 days resulted in a very significant decrease of infection on the island. Indeed, a 30% microfilaremia prevalence in 1975 fell to 5% in 1992, so that the "force of infection" to which the population was exposed decreased significantly, although transmission was still ongoing [9] . The effect that this decrease had on the specific immune responsiveness of the population is clearly reflected in the significant decreases in antibody responses (IgG, IgE, and IgG4) to specific parasite antigens in the uninfected EN population.
Of particular interest, the Mf ϩ/Ϫ cleared microfilaremia group, who no longer had filarial infection to stimulate antibody responses from within, showed dramatic decreases in antibody levels very similar to those of the EN group. In contrast, the Mf ϩ/ϩ group, with persistent microfilaremias and persistent stimulation of their immune systems, showed either no change in the levels of antibody responses over the 17 years or lesser decreases than the other 2 groups. In experimental animal models, clearance of microfilariae is often accompanied by an increase in specific antifilarial antibodies [14, 15] , but the Mf ϩ/Ϫ subjects of the present study showed no such increase (comparing their 1975 and 1992 values). One reason might be that the increase, if and when it occurred, was transient and was not detectable in the 1992 serum samples; alternatively, any relative increase in specific antibodies that might have been involved either in clearing the microfilaremia or in maintaining an amicrofilaremic state might have been masked by the simultaneously diminished responsiveness resulting from the decreased force of infection on the island in recent years and the concomitant lower level of stimulation to these subjects.
In contrast to the dramatic differences seen between antibody responses of the Mf ϩ/ϩ and the Mf ϩ/Ϫ subjects, the down-regulation characteristic of responses in Mf ϩ individuals [4] [5] [6] appeared to be largely maintained in the Mf ϩ/Ϫ group (figure 3) even after the microfilaremia and infection had disappeared; for only 1 of the 3 parasite antigens tested did the Mf ϩ/Ϫ group have proliferation responses greater than those of the Mf ϩ/ϩ group, and for none of the cytokine responses to any of the 3 parasite antigens were the levels of response between the 2 groups significantly different (table 2) . Thus, it appears that the down-regulated T cell responses to parasite antigen, so characteristic of microfilaremic patients, persist long after the microfilaremia and active parasite infection (as defined by the circulating antigen assay) disappear. This finding contrasts with the increase in parasite-specific cellular responses seen in some posttreatment studies [16] [17] [18] ; however, these studies were comparatively short-term and, in one study [16] , the increase in responses was primarily seen in asymptomatic amicrofilaremic patients and in patients with elephantiasis rather than in microfilaremic persons. One possible explanation is that enhancement of cellular responses after drug treatment leads to an expansion of antigen-specific cells that is temporary in nature, reverting finally to the previous hyporesponsive state.
How such cellular down-regulation is maintained in patients despite the elimination of infection is unclear. A similar, longlasting, down-regulated, parasite-specific T cell response has been seen in adolescents who have never been infected but who were exposed to the microfilarial stage in utero [19] . Furthermore, persistent down-regulated cytokine (IFN-g) responsiveness has been described as long as 2-3 years after treatment of microfilaria-positive patients with either ivermectin or DEC [20] . It is intriguing to speculate that such persons might have developed and maintained a persistent population of regulatory T cells (Th3 and/or Tr1 cells) that produce IL-10 or transforming growth factor-b or otherwise interfere with antigen presentation and thereby cause a down-regulation of T cell effector functions [21] . Such Th3/Tr1 cell populations have been described in patients with chronic onchocerciasis [22] .
An additional finding that emerged quite vividly from the current study was the clear distinction between the 2 groups of subjects whose presentation in 1992 would have been defined in any cross-sectional study as EN subjects (i.e., persons with no clinical or parasitologic evidence of infection and no CAg in their blood). Data from 1975 clearly showed that some of these persons had been microfilaremic and had changed to an EN clinical presentation between 1975 and 1992. Despite their clinical and parasitologic similarities in 1992, those who were infected in 1975 were very different immunologically from the true EN subjects. First, the antibody levels to microfilaria (figure 2) and other parasite antigens in the Mf ϩ/Ϫ individuals in 1992 were almost always lower than those of the EN group (the EN subjects were much more similar to the Mf ϩ/ϩ group than to the Mf ϩ/Ϫ group). Second, cellular immune responses (both lymphocyte proliferation and cytokine production) were also significantly lower in the Mf ϩ/Ϫ group than in the true EN subjects. What these differences mean in terms of protective immunity or other clinical consequences of cellular immune responsiveness is not certain, but the immunologic differences between these clinically similar groups are so prominent that their implications need to be further studied.
It is rare to have the opportunity to carry out long-term follow-up studies of persons or populations endemic for filariasis, but such long-term studies often can be the most informative [23] . In the present study, although the force of infection did not remain constant on the island over the 17 years between detailed evaluations, the 3 study groups could serve as their own internal controls for many of the important comparisons to be made. Certainly, a most intriguing finding was the diminished cellular responsiveness that persisted in the Mf ϩ/Ϫ group of patients. Indeed, although these persons appeared to be essentially identical to the EN group in clinical, parasitologic, and CAg aspects, their persistently diminished cellular and humoral responses to parasite antigen indicated that the Mf ϩ/Ϫ subjects were a subgroup of patients distinctly different from either the Mf ϩ/ϩ or the EN group. Unlocking the mechanisms that underlie these differences should reveal a great deal not only about the immunologic down-regulation so characteristic of chronic helminth infections and the specific immune responses that determine protective immunity to them but also about possible long-term vestiges of earlier infection that have left permanent imprints on the host's ability to respond immunologically to parasite antigens.
